Asthma is the most common chronic disease of childhood and affects nearly 5 million children. The prevalence and severity of childhood asthma have continued to increase over the past decade despite major advances in the recognition and treatment of this condition. A comparison of urban and rural children suggests that the etiology of airway disease is multifactorial and that unique exposures and genetic factors contribute to the development of asthma in both settings. The most important environmental exposure that distinguishes the rural environment and is known to cause asthma is the organic dusts. However, animal-derived proteins, common allergens, and low concentrations of irritants also contribute to the development of airway disease in children and adults living in rural communities. A fundamental unanswered question regarding asthma is why only a minority of children who wheeze at an early age develop persistent airway disease that continues throughout their life. Although genetic factors are important in the development of asthma, recurrent airway inflammation, presumably mediated by environmental exposures, may result in persistent airway hyperresponsiveness and the development of chronic airway disease. Increasing evidence indicates that control of the acute inflammatory response substantially improves airflow and reduces chronic airway remodeling. Reducing exposure to agricultural dusts and treatment with anti-inflammatory medication is indicated in most cases of childhood asthma. In addition, children with asthma from rural (in comparison to urban) America face multiple barriers that adversely affect their health e.g., more poverty, geographic barriers to health care, less health insurance, and poorer access to health care providers. These unique problems must be considered in developing interventions that effectively reduce the morbidity and mortality of asthma in children from rural communities.
Scope of the Problem
Asthma is the most common chronic disease of childhood and affects nearly 5 million children (1) . The prevalence (2) and severity (1) (2) (3) of childhood asthma have continued to increase over the past decade despite major advances in the recognition and treatment of this condition. Since 1980, the hospitalization rate has increased by 28% for children less than 25 years of age and the mortality has doubled for children between 5 and 24 years of age (1) . Although demographic factors such as age, race, and socioeconomic status appear to be risk factors for the development and progression of asthma (2, (4) (5) (6) , the increasing prevalence and severity of asthma suggest that agents in the workplace (7) and general environment (8) (9) (10) (11) (12) play a particularly important role in the etiology and pathogenesis of this condition. In rural communities, children commonly are exposed to organic dusts, agricultural chemicals, animal allergens, and grain dust mites that are brought into the home on work clothing (13) . Moreover, for children in rural settings, the farm is their home, playground, and workplace, with children as young as 5 years of age participating in farm chores (13) .
Comparison of urban and rural children suggests that the etiology of airway disease is multifactorial and that unique exposures may contribute to the development of disease in both settings. Among children, at least five studies have compared the prevalence of airway disease in urban and rural populations. As depicted in Table 1 , two studies (14, 15) found that urban children had a higher prevalence of asthma, two studies reported no difference in the prevalence of asthma (16) or airway hyperreactivity (17) , and one study (18) reported a higher prevalence of asthma among children living in rural communities. Because the setting and the definition of asthma vary from one study to the next, it is difficult to draw any clear conclusion regarding urban/rural differences in the prevalence of airway disease.
However, among adults, agricultural workers and those living in rural environments appear to be at high risk of developing chronic airway disease, particularly asthma or bronchitis (19) (20) (21) (22) (23) (24) (25) . The risk associated with the development of chronic airway disease appears to be more than 3-fold greater among those who are more heavily exposed to dusts generated in the agricultural environment (21) . Among farmers, 15% had symptoms consistent with either asthma or allergic rhinitis (26) . Cigarette smoking does not appear to account for this excess risk, as farmers have relatively low rates of cigarette smoking (27, 28) . These epidemiologic observations are supported by an increasing number of exposurespecific studies in agricultural workers. In fact, airway disease is relatively common among those exposed to cotton, flax, hemp, grain dust, and other organic dusts (13, (29) (30) (31) . Although data are lacking regarding the prevalence of asthma in the rural population, absolutely no data are available concerning the incidence of asthma among agricultural workers and their family members, who are often exposed to similar bioaerosols. Agricultural workers and those other adults living in a rural environment encounter a variety of inhaled organic dusts suspended in the atmosphere, including molds and pollens in the air, dusts generated in silos and barns, aeroallergens, silica from the soil, and general exposure to animal danders, grain dust, feed additives, and mite dust (32 (34, (48) (49) (50) can cause airflow obstruction in naive or previously unexposed subjects. Naive, healthy study subjects challenged with dust from animal confinement buildings develop airflow obstruction and an increase in the serum concentration of neutrophils and interleukin (IL)-6, all of which are most strongly associated with the concentration of endotoxin (not dust) in the bioaerosol (51) . Finally, our previous exposure-response studies have shown that inhaled grain dust and endotoxin produce similar physiologic and biologic effects in humans (47, 52, 53) and mice (53) (54) (55) (56) ; the and contraction of smooth muscle (62) . However, the concentration of endotoxin in the bioaerosol is not always predictive of respiratory symptoms among agricultural workers (63, 64) . These studies suggest that other components may be important in the development of organic dust-induced airway disease. Animal-derived proteins can cause asthma in agricultural workers. This form of asthma is much more common in atopic individuals capable of developing an IgE response to specific aerosolized animal proteins. Animal handlers, especially in sale barns and confinement units, may be intermittently exposed to high concentrations of animal-derived proteins and are at particularly high risk of developing asthma. Cow epithelium is one of the most important inducers of occupational asthma among farmers in Finland (65) . Antigens such as cockroach dust, common to the urban environment, are also associated with airway disease in the rural environment (66) . Onset of wheezing is usually immediate and often accompanied by rhinitis and other allergic symptoms.
Low concentrations of irritants may result in airflow obstruction in workers with underlying asthma but do not usually cause asthma. Thus, chemicals common to the agricultural environment, including pesticides, herbicides, and fertilizers, as well as wood smoke and alternative sources of fuel (67) , may contribute to the exacerbation of airflow obstruction in children with asthma. Organophosphate insecticides (68) may induce bronchospasm in exposed individuals. These pesticides inhibit acetylcholinesterase and may result in a cholinergic response, inducing bronchospasm and bradycardia. Although research is lacking in this area, the exposure-response relationship is commonly reported in agricultural workers and may represent an important point of intervention for childhood asthma. Moreover, air pollutants such as ozone may promote the development of airway disease among rural residents (69, 70 wheezing at 6 years of age (74) . In a prospective, population-based longitudinal study, persistent wheezing at 6 years of age was associated with recurrent episodes of wheezing, maternal history of asthma, maternal history of cigarette smoking, elevated serum IgE levels in the first year of life, and diminished Vmax functional reserve capacity at 6 years of age (74) . However, lung function in the first year of life was not a predictor of persistent wheezing at 6 years of age (74) . The development of asthma after 6 years of age was significantly associated with mild wheezing and airway hyperresponsiveness at 6 years of age (75) . Moreover, the diagnosis of asthma at 7 years of age is associated with a progressive deficit in lung function during the next 10 years while the lung should be actively developing (76) . Airway hyperresponsiveness was also found to be associated with reduced levels and lower rates of increase in FEV, and FEF25-75 in a population of children and young adults followed for up to (98, 103) , has potent chemotactic activity for neutrophils (104) , is a member of the IL-8 supergene family (98) , has significant peptide sequence homology with , and is upregulated in rat lungs following intraperitoneal endotoxin challenge (103) . We have found that human IL-8 ( Figure 3 ) (94) and MIP-2 (95) are produced and released by airway epithelia following an inhalation challenge with grain dust, suggesting that airway epithelia are activated either directly by grain dust or by cells or cell products that come in contact with the apical or basolateral portion of these cells. In aggregate, these findings suggest that inhaled grain dust initiates a complex interaction between inflammatory (primarily macrophages and neutrophils) and structural (airway epithelial) cells, and that this interaction is mediated by specific proinflammatory cytokines and chemokines that are produced and released in the airway lumen and possibly the interstitium of the lung.
Noxious gases and irritants may directly injure the airway epithelia, resulting in edema, inflammation, and cell death. In fact, the airway epithelia may prove to be an important mediator of the inflammatory response by producing and releasing chemotactic factors such as IL-8 (98) . Sloughing of the airway epithelia and thickening of the subepithelial region is common in asthma and has been reported in asthma associated with agricultural exposures (105) . Thus, the airway epithelia may actually contribute to the edema and inflammation following inhalation of particularly irritating stimuli.
There is mounting evidence that asthma involves a fibrotic response that alters the structure and function of the airway. Although thickening and fibrosis of the subepithelial region beneath the basement membrane is a consistent (106) (107) (108) (109) (110) histologic feature of asthma directly related to the clinical severity of this disease (111, 112) , the biologic factors that cause this localized fibrotic response have not been well defined. Immunohistochemical staining indicates that the subepithelial fibrosis consists predominantly of types I, III, and IV collagen, which probably originate from fibroblasts and myofibroblasts (108, 113) , rather than epithelial cells (which produce branched collagens, types V and VII) (114) . However, recent studies have shown that transforming growth can lead to the development of chronic airway disease. Among patients with environmental asthma, many continue to have asthma despite removal from the exposure (127) . Remissions appear to be related to the duration and intensity of the disease, with earlier and less severe forms of asthma more likely to improve. Spontaneous recovery has not been reported among workers who remain exposed to the agent causing asthma (128, 129) . Thus, among children in the rural setting, those with asthma caused by specific exposures should be encouraged to modify their exposures by reducing the concentration of inhaled dust and fumes.
Management
There is increasing evidence in patients with asthma that control of the acute inflammatory response substantially improves airflow and chronic airway inflammation (130) (131) (132) (133) (134) . Because airway inflammation is a major cause of airway hyperresponsiveness in asthma (4, 130, 131, (135) (136) (137) (138) (139) , control of the acute inflammatory response should decrease the degree of airway hyperresponsiveness. Inhaled steroids (140) (141) (142) (143) or prednisolone (144) substantially improves airflow and airway inflammation in asthma patients. Patients with severe intrinsic asthma treated for 10 years with inhaled steroids demonstrated reduced airway inflammatory cells and restoration of ciliated epithelia ( 145) . These findings suggest that the persistent inflammatory response in the airway lumen is essential to the persistence of chronic airway disease and that prolonged treatment with anti-inflammatory medication is indicated in most cases of asthma.
Unique aspects of rural America contribute to the morbidity associated with any chronic disease and may necessitate novel intervention strategies. Rural Americans have inadequate access to health care. Eight million rural Americans lack health insurance, 26.5% of the rural uninsured are children, and 18% of all farm families are uninsured (146) . Among asthma patients, the distance from an acute care hospital is directly related to mortality (147) . Shortages of physicians and other health care professionals, combined with a shrinking number of rural hospitals (148) , have substantially impaired health care delivery in rural communities. As a result, children with asthma from rural (in comparison to urban) America face multiple barriers that adversely affect their health: more poverty, geographic barriers to health care, less health insurance, and poorer access to health care providers (13) . Access to and availability of high quality health care must be considered when designing intervention programs to reduce morbidity and mortality associated with childhood asthma in children from rural communities. For instance, because emergency transport times may take up to 1 hr, it has been suggested that in rural settings the emergency medical services should be allowed to administer more aggressive therapy while enroute to the hospital (149) . Similarly, nurse-led home management teams for asthma significantly reduce exacerbations and hospital admissions (150) . These systematic innovations, in combination with treatment with anti-inflammatory medications and reduction of exposure to agricultural dusts, may substantially reduce the morbidity of asthma in children from rural communities. WHO 
